In order to realize the recognition and localization of the target fruit more accurately and efficiently, an optimized graph-based recognition algorithm based on image depth information is proposed. Firstly, the gradient information of the depth image is obtained from the acquired depth apple image, the gradient vector is reflected from the 3D space to the 2D space, and then rotated 90 degrees clockwise, and the regular region forms the center of the vortex, which is the target fruit center to determine target fruit location. In the RGB space, the graph-based segmentation algorithm is introduced. By constructing the adaptive threshold, the mapping relationship between the number of centers and the parameters of k and min is established to find the target fruit region. Finally, scan the maximum radius of the super pixel area where the center of the circle is located, and fit the target fruit to realize the recognition and localization of the apple. The experimental results show that the target recognition rate is 96.61%, and the recognition time has been reduced significantly.
I. INTRODUCTION
Machine vision system as the ''eyes'' of agricultural robots, used to sense their complex environmental information, and achieve the target identification and location, has been widely used to estimate fruit and vegetable yield [1] - [3] , target recognition of picking robot [4] - [6] , crop growth monitoring [7] - [9] , and so on, in order to realize scientific management of agricultural production. Achieve the accurate identification of the fruit and rapid positioning, will directly affect the real-time and reliability of picking robot, therefore, how to realize the goal the accurate identification and positioning of the fruit to be key to the study of the visual system, attracted the attention of many scholars. Under natural conditions, actual apple orchard environment is relatively complex, The associate editor coordinating the review of this manuscript and approving it for publication was Shuihua Wang . which bring the bigger challenges for apple picking robot. In recent years, whether using monocular vision system [10] , or a binocular vision system [11] , [12] ; Whether a single fruit [13] , [14] or overlapping shade fruit [15] , [16] ; Both static fruit [17] and dynamic target [18] recognition has made great progress, but for now, cannot meet the needs of the fast picking robot visual servo control. Accurate identification and rapid positioning of apple picking robot vision system, is still the research emphasis and difficulty. In order to further improve the operation effect of picking robot, meet the realtime need of picking work, to better alleviate the contradiction between recognition accuracy and efficiency, need to be further optimized recognition algorithm.
In order to better alleviate the contradiction between recognition accuracy and positioning efficiency, an optimizational graph-based recognition algorithm based on image depth information is proposed in this paper. Firstly, the depth image VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ and RGB image of apple fruit were collected by Kinect camera. Using the gradient field information of the apple depth image, the gradient vector is rotated 90 degrees clockwise by two-dimensional projection, and the obtained vortex center is the target fruit center to determine the target fruit position. Then, in the RGB image, the graph segmentation algorithm is introduced. By constructing the predicate evaluation adaptive threshold of the constraint mechanism, the mapping relationship between the number of centers and k and min parameters is established, and the automatic segmentation of the apple image is realized to obtain the target fruit region. Finally, according to the maximum radius scan of the super pixel area where the center of the circle is scanned, the contour of the target fruit is fitted to achieve efficient identification and localization of the target fruit. The new method breaks the tradition of identifying and relocating before. The new method does not need to extract the target fruit features, and does not need to design a classifier. First, find the center of the circle and then fit the contour to improve the recognition efficiency.
In general, this study offers at least the following contribution as:
(I) To the best of our knowledge, this is an early work for introducing depth information to locate the center of the target fruit. (II) A novel automated segmentation algorithm is established based on the guidance of the number of fruit centers. (III) The proposed method outperforms the state-of-the-art techniques in accuracy and efficiency of target fruits recognition. The rest of this paper is organized as follows, we first provide the related works and data acquisition in section II. In the section III, we present the details of the method of locating the center of fruit, the new method is based on the depth images. In section IV, based on the optimized graph segmentation algorithm, an automatic segmentation method is proposed, which is guided by the number of circles. Combined with the center location and region segmentation, the target fruit can be located quickly and accurately. In section V, the experiment is arranged, the performance of new method is evaluated from multiple perspectives, such as recognition rate, recognition times, recognition rate of fruit with different postures. In section VI, the conclusion and future works are provide.
II. RELATED OWRKS AND DATA ACQUISITION A. RELATED WORKS
At present, the information technology rapid development, for the target recognition of apple fruit is both a challenge and opportunity, many scholars have made gratifying achievements. Kelman and Linker through convexity of fruit tree image detection, determine the apple edges, and use the method of least square constraint mechanism for 3 d modeling, for a single and overlapping apple to locate respectively, accuracy of up to 94% [19] . Wachs et al. using the infrared image and color image two forms of maximum mutual information to extract the high-and low-level visual features, and detect ''green'' apples in the fruit tree canopy background image, two kinds feature recognition rate can be up to 54% and 74% respectively [20] . Liu et al. proposed a recognition method of apples in plastic bags based on bock classification, watershed algorithm is adopted to segment original images into irregular block, and then these blocks are classified into fruit blocks and non-fruit blocks by VSM, the new method can restrain the interference of light [21] . Xu and Lv used R-G color differences to process apple images, the images is segmented by PCNN based on minimum cross entropy, an improved random Hough transform method is used to detect the characteristic circle, according to the edge of the apple target obtained by the SUSAN edge detection algorithm, 93% of apples were accurately identified [22] . Moallem et al. combines a variety of machine learning methods to classify apple fruits [23] . Ji et al. focuses on establishing apple viscoelastic finite element complex model to estimate apple stress variation during grasping with its own characteristics of constant velocity and continuous energy input [24] , [25] .
The above research results are mostly adopting the conventional image processing method, firstly, the image is segmented, the target fruit features are extracted, and finally the classifier is designed to identify the target fruit. Although these methods solve the recognition accuracy of apple's target fruit to a certain extent, some algorithms have higher complexity and poor recognition efficiency, which cannot meet the needs of real-time operation of picking robots.
It is the efforts of these scholars that push the research of harvesting robot forward. Furthermore, more target fruit recognition techniques will provide theoretical reference for this study [26] - [31] .
B. IMAGE ACQUISITION
The image of Apple's image was collected at the Longwangshan Apple Production Base in Fushan District, Yantai City, Shandong Province (Agricultural Information Technology Experimental Base of Shandong Normal University). All images were collected under natural light conditions (including front lighting and backlighting). The apple variety was Red Fuji.
Image acquisition lens: Kinect V2(Microsoft), the RGB image acquisition resolution is 1920 * 1080, the depth image resolution is 512 * 424, and the output format is JPG.
Image acquisition method: Each sample sampling point outputs the RGB and depth images of the target fruit at the same time, as shown in Figure 1 . (To facilitate the identification of the target fruit, when the depth image and RGB image are collected in this study, the resolution is uniformly set to 512. * 424). When acquiring a depth image, the Kinect camera collects every point in the field of view and forms a depth of field image representing the surrounding environment.
According to the working principle of Kinect, the depth sensor senses the surrounding environment by means of black and white spectrum. In the obtained depth image, the deeper the black is, the closer the target is; the lighter the white is, the farther the target is. The gray area between the black and white represents the physical distance between the target and the sensor.
Due to the changeable natural growth posture of apple fruits and the shooting angle caused by the picking robot's position, the apple images collected by the picking robot's visual system are diverse, such as single unshaded fruit, branches and leaves covered fruit, overlapping fruit, etc. A total of 150 apple images were collected in this study, including 236 target fruits, including 61 overlapped fruits, 47 fruits covered by branches and leaves, and 128 single uncovered fruits.
C. METHOD OVERVIEW
In the research of fruit and vegetable picking robot, the precise identification and efficient location of target fruit is still a difficult problem. In the past, apple target fruit positioning mostly adopts target recognition first, and then finds the center of target fruit on the basis of recognition, so as to achieve accurate positioning of target fruit. Such methods are difficult to meet the real-time operation requirements of picking robots in terms of time and efficiency.
In order to realize efficient and accurate identification and positioning of target fruits and meet the needs of visual servo of picking robot, this study tries to conduct target fruit positioning first and then target fruit contour fitting. The new method first uses the acquired depth image of the target fruit, and obtains the isobath map and gradient projection of the target image by using the gradient field information of the depth image, the vorticity center of the target region is obtained by gradient rotation, so the center location of the target fruit is realized. Then, use the collected RGB images and have the aid of graph segmentation algorithm, an automatic segmentation algorithm of apple images is constructed by designing a new predicate evaluation and constraint mechanism, so as to obtain the target fruit area. By scanning the maximum radius of the superpixel region from the center of the target fruit circle and the approximate area, the outline of the target fruit is finally obtained, so as to realize the rapid identification and positioning of the apple target fruit. The specific process is shown in figure 2.
III. TARGET FRUIT POSITIONING BASED ON DEPTH INFORMATION
In the complex background image, in order to further eliminate the influence of background and illumination, this study tries to find the center of the target fruit by using the depth information of the image. Using the depth information of the image of the target fruit, the isobath image of the depth image is drawn, the gradient field of the target image is analyzed by the iso-depth information, and then the three-dimensional gradient information of the depth image is projected in a two-dimensional plane, and the two-dimensional gradient projection direction of the target fruit region is more uniform and orderly, while the gradient direction of the background region is more disorderly. Then, the two-dimensional gradient direction is rotated clockwise by 90 degrees, and a uniform and orderly gradient region can obtain a vorticity center, and each concentrated vorticity center is the center of the target fruit, and the center of the target fruit is positioned.
A. ISOBATH MAP ACQUISITION
According to the depth sensor principle, in the obtained depth image, the pixel point closer to the camera has a smaller distance value, for the target fruit, the pixel distance of the center point of the target fruit is small, and the peripheral distance value of the target fruit is relatively large. Using the depth information mapped by the depth image, the three-dimensional geometric feature of the target image is calculated, and draw the isobath curve of the depth image, that is, the isobath map of the target image, based on the distance from the pixel to the camera.
The original depth image acquired is relatively fuzzy, which is easy to interfere with the drawing of the isobath curve. To obtain the isobath map of the target image better, the median filtering algorithm is used to smooth the original depth image. Taking 1(b) as an example, 3 * 3 median filtering is used to denoise, and the obtained image is shown in Fig. 3 (a). After noise reduction, the target edge is smooth and the burr is significantly reduced. The isobath curve of the noise reduction map 3(a) is drawn with a distance difference of 0.5 cm to obtain an isobath image of the target image, as shown in Fig. 3(b) .
B. GRADIENT INFORMATION OF DEPTH IMAGE
It can be seen from the characteristics of the depth image that the pixel point closer to the camera has a smaller distance value, and for the target fruit area of the depth image, the distance value of the center of the fruit is smaller, and the target peripheral distance value is relatively larger. Quantify the depth information of the target image, as shown in Equation 1.
where V represents a set of vectors (u, v) on the gradient vector field in three-dimensional space. u, v respectively represent the partial derivative of the depth D in the x, y direction in the three-dimensional coordinates, that is, the gradient direction of the target fruit. Find the gradient in all directions from the smallest pixel.
Since the surface of the target fruit is convex parabola, the three-dimensional gradient information of the depth image is projected onto the two-dimensional iso-depth plane, and the obtained direction vector appears outwardly divergent along the surface of the target fruit in the gradient field, as shown in figure 4 .
As can be seen from figure 4, in the two-dimensional gradient projection view, the gradient direction arrangement of the target fruit region is relatively regular and orderly, showing a state of diverging from the inside to the outside. In the nontarget area, because the background is relatively complex, the background area depth information is slightly cluttered, so the gradient vector of the background is relatively disorderly. That is, in the gradient vector projection map, the target fruit region is regularly ordered, and the background region vector is disorderly and disorderly.
C. VORTICITY CENTER POSITION
Vorticity was originally a concept in meteorology and was introduced into the center of the circle by this study. The vorticity is a three-dimensional vector, the rotation of the velocity field, considering only the vertical component of the vorticity, the vorticity component that rotates around the vertical axis. In this study, the vertical component is the gradient vector and the vertical axis is the isobath. By uniformly rotating all the gradient vectors in Fig. 4 by 90 • in a clockwise direction at a fixed origin, the angular velocity of the pixel (direction only) referenced by the adjacent vector is where ∇ is a partial derivative operator in the x, y, z direction, and z is a vector in the z-axis direction. Because the speed of the vortex changes
where φ represents the arc length (similar to the vector size) and t represents the same time.
In the two-dimensional projection, the gradient vector that originally is convexly parabolic surface is rotated clockwise, and the center of the target fruit region forms a vortex. The gradient vector that originally is concave parabolic surface rotates counterclockwise, furthermore, the background region is chaotic. In the target depth image, the maximum vorticity is obtained at the fastest distance change, so the maximum angular velocity is location of the center of the circle, as shown in figure 5 .
It can be seen from figure 1 and 5 that the region where the rule is regular and the vortex is the largest is the target fruit region, vortex which in disorder is the background area, and the center of the vorticity is the center of the target fruit. At this point, the center of the realistic target fruit is positioned, and on this basis, the contour of the target fruit is further fitted.
IV. TARGET REGION FITTING BASED ON OPTIMIZED GRAPH
In Section 3, the depth information of the image has been used to located the center of the target fruit. In the apple image, the target fruit can be regarded as a circle, based on the known circle's center, the target fruit's radius is further searched, and the target fruit region is fitted. Therefore, the next research focus shifts to recognize the target area, that is, to achieve efficient and accurate segmentation for the target image, and to find an proper segmentation algorithm to divide the apple image into several regions, moreover the region where the circle's center located is the region of the target fruit. Furthermore, search for the correspondence between the target region and the target radius to achieve to fit contour of the target fruit.
In the RGB space, because the background of apple images are complex, and the conventional segmentation algorithm with stationary threshold is not ideal, such as segmentation algorithm based on threshold or improved threshold [32] , [33] , K-means clustering [34] - [36] , Otsu method [37] , [38] , etc.. This study attempts to construct an adaptive threshold segmentation method based on the graph segmentation algorithm [39] - [43] , achieve efficient and adaptive segmentation through predicate constraints.
A. PRINCIPLE OF THE GRAPH SEGMENTATION
The most straightforward way to find the approximate region of the target fruit region is the reliable segmentation algorithm. In general, the focus of segmentation is more on the target fruit itself than on the segmentation algorithm's parameter optimization. The image consists of corresponding pixels. The graph consists of vertex sets called V (vertices) and edge sets called E (edges), denoted as G = (V, E), and each vertex v ∈ V is a single pixel; the edges connecting a pair of vertices (v i ,v j ) has its weight w(v i ,v j ), which means a measure of dissimilarity between two vertices, which consist an undirected graph. There is a path between the two vertices. A graph without a loop is called the Tree. The tree with the smallest sum of edge weights is called the minimum spanning tree (MST). The segmentation of this study is in the RGB space, where the similarity between two points is defined using the RGB distance.
Based on the concept of graph theory, let the input picture be G(V, E), with M vertex called v and N side called e, according to the dissimilarity, sort the weights like e 1 , e 2 , · · ·e N . We defined a segmentation evaluation mechanism to control whether the pixels are merged: starting from edge e 1 , if the two vertices from the edge are not in the same region and satisfy the merge condition, and the two pixels will be merged; if not, the threshold and region label will be updated until the condition is met, when all the edges are searched, end the merging. The detailed algorithm steps based on graph segmentation are:
Step 1 Calculate the degree of dissimilarity between each pixel and its 4 fields or 8 fields;
Step 2 Arrange according to the degree of dissimilarity from small to large, as e 1 , e 2 · · · e N ;
Step 3 Select e i to compare the currently selected edge e j to determine whether to merge.
Step 4 Update the threshold and class label;
Step 5 If i < n, in the updated order, select the next edge, turn to Step 3, otherwise end.
B. SELECT COLOR CHANNEL
When using the graph segmentation algorithm for apple image segmentation, susceptible to light intensity, when robot work at orchard, light environment is uncontrollable factors. Different color space for lighting, material conversion conditions with different sensitivities, as standard RGB are sensitive to shadows and highlights; opponent color space not sensitive to bright edge, but sensitive to the geometric edge and shadow, normalized RGB space is insensitive to the shadow and the shadow edges, but still highly sensitive to highlights. The hue H is the most constant and is insensitive to shadows, shadow edges, and highlights, most robust to the influence of light intensity change.
C. AUTOMATED SEGMENTATION ASSESSMENT CONSTRAINTS
Defines the predicate D to assess whether there is a boundary between two components in the segmentation. This predicate is based on measuring the difference between elements along the boundaries of two components, relative to measuring the difference between adjacent elements within two components. The resulting predicate compares the differences between components and the differences within the component to adaptive adjust with the local characteristics of the data.
We define an intra-component difference assessment criterion, let C ⊆ V, for a region (an area in graph theory is a minimum spanning tree) is the maximum weight in the region, as shown in Equation 5 . That is, the given component C will consider to connect at least when the weight is Int(C). And we define an difference assessment criteria of different adjacent component, let C 1 , C 2 ⊆ V to connect the minimum weight edges of the two component, that is, the dissimilarity of the edges with the least dissimilarity among all the edges which connected the two component, as shown in Equation 6 .If there is no edge connected, then Dif(C1,C2) is ∞ .
Component comparison predicate evaluate whether there is a boundary between a pair or components by checking whether the difference between the components is greater than the difference between the at least one component and the interior. The threshold function is used to control the extent to which the difference between components must be lager than the minimum internal difference.
where the minimum internal difference MInt is defined as
The threshold function controls the degree that the difference between the two components must be greater than their internal differences, so there is evidence that there is a boundary between them (D is true). But for small components, Int(C) does not estimate the local characteristics of the data well. In extreme cases, when |C| = 1, Int(C) = 0. Therefore, we use a threshold function based on the size of component, as shown in the following Equation,
where |C| represents the pixel value of component C, and k is a constant parameter, indicates how many components the image will be divided into. In practice, we have found that a larger k leads to a preference for larger components, and the change in k is logarithmic positive with the number of apples in the segmented image. In order to achieve automatic segmentation of the target apple image, the parameter of k is calculated as follows,
where N is the number of apples in the segmented image, ie the number of centroid points obtained in the previous chapter. But please note that k is not the smallest component size. Smaller components are allowed when there is a large enough difference between adjacent components. By observing and calculating the 10 minimum target area of the data set, obtained by Matlab statistical average value of about 500. Then the minimum area min = 500 in the segmentation process is specified.
D. TARGET AREA IDENTIFICATION
Combining the depth image and the RGB image of the same sample point, the target fruit center is accurately positioned in the depth image mode, and the target fruit segmentation is completed in the RGB image mode, and the segmentation region where the center of the circle is located is the target fruit region, thereby achieving the fruit identification and localization. In order to achieve the target fruit recognition more efficiently and accurately, the target radius is searched in the super pixel area where the center of the circle is located, and the edge of the segment is scanned from the center of the circle to obtain the maximum radius of the target area. The target fruit contour is fitted by the center position and the maximum radius, as shown in figure 7 , and finally the target fruit is accurately identified and positioned. It is notable that, the proposed method relates to the following areas including graphics [41] , [42] , [44] - [47] , multimedia [40] , [48] - [54] , automation control [55] - [58] , classification [59] - [62] , image fusion [63] , [64] , image retrieval [65] - [70] , and other fruit recognition [71] - [75] .
V. EXPERIMENTAL ANALYSIS A. EXPERIMENTAL DESIGN
The collected 150 images were used as experimental data to verify the algorithm which the target fruits included a single unobstructed fruit, overlapping fruits, and foliage blocking fruit. The performance of the identification method is measured from the indicators such as correct recognition rate, misrecognition rate, missed rate, and recognition time. The recognition rate refers to the ratio of the number of correctly identified fruits to the total number to be identified; the recognition time refers to the time taken to identify the sample to be tested with the trained model. Among them, the recognition rate is divided according to the growth posture of the fruit and the angle of image collection into three categories: unobstructed fruit, foliage blocking fruit, and overlapping fruits.
In order to verify the effectiveness of the proposed method for fruit recognition and localization better, the experiment was compared with the literature [15] - [17] , [76] method.
The experimental operating environment of this research: operating system environment Win 10, computing environment MATLAB 2016a, hardware configuration is Intel (R) Core (TM) i7-6700 CUP @ 3.40GHz.
B. IDENTIFICATION METHOD VERIFICATION
From the effect of recognition, the three types of target fruits have been distinguished from the background to achieve the final recognition and positioning. It can be seen from figure 8 that the fitting effect is not ideal in an environment where large-area foliage is blocked. The occluded longdistance target fruit is easy to miss. 
C. EXPERIMENTAL RESULTS AND ANALYSIS
In order to describe more clearly the effect of recognition and localization method established in this paper, the target fruit recognition and positioning effects of three different growth postures are separately counted here, and the results are listed in Table 1 .
It can be seen from Table 1 that several algorithm models can achieve good results for the recognition of unobstructed fruits. However, for the recognition of the target fruit occluded by the foliage and the other fruit, the performance of several methods is different. The new method proposed in this paper has the best recognition and localization effect, and the recognition rate of the two target fruits is 93% and 95%.
In order to further evaluate the efficiency of operating and the accuracy of positioning of the new method, the running time and recognition accuracy of each method were separately calculated. The results are shown in Table 2 .
It can be seen from Table 2 that the new method has obvious advantages in aspect of recognition time and total recognition rate, and the operation effect is relatively ideal, which alleviates the contradiction between running time and recognition efficiency to some extent.
D. DISCUSSIONS
Form figure 8, table 1 & 2, and the large number of repetitive experiments, the experimental results show that, the new method has obvious recognition accuracy and efficiency. The new method can locate the center of the target fruit quickly by using depth image, as the first step of recognition, its most significant advantage is fast and accurate. The second step is apple image segmentation, which is the most timeconsuming part of this method. On the basis of graph segmentation, an optimized segmentation algorithm is proposed, that is, apple images segmentation is guided by the number of centers. The results of the new segmentation method are satisfactory. Finally, combining the center and segmentation region, the target fruit fitting is achieved. The fitting effect is ideal.
The traditional recognition and location methods mostly adopt the following ways: image segmentation, feature extraction, and classifier design. That is, the target fruit is recognized and located on the basis of the segmentation image. Generally speaking, the traditional methods cannot achieve ideal results in accuracy and efficiency. The new method in this paper adopts the thought of locating first and recognizing later, and the effect is ideal. In the future research, we will further try to optimize the segmentation or other segmentation algorithms, in order to achieve the real-time working ability of the harvesting robot.
VI. CONCLUSION
In order to improve the picking efficiency of apple picking robots, this paper studies the recognition and localization of target fruits. Firstly, the depth image and the RGB image of the same sample point are collected. In the depth image environment, the isobath map of the target image is obtained, and the gradient field information is further acquired, and the 3-dimensional gradient information is projected onto the two-dimensional plane, by rotating the gradient vector, a uniformly ordered region forms a vorticity, which is the central projection of the target fruit, achieving rapid positioning of the target fruit. In the RGB image environment, the target image segmentation is performed by method of graph optimization, which constructed the logical predicate constraint evaluation mechanism, and choose a suitable color channel. The region where the center of the circle is located is the target area. By scanning the maximum radius of the area, the target fruit area is finally fitted to realize the recognition and localization of the target fruit.
The experimental results show that the new method is ideal in terms of operational efficiency and recognition accuracy, and it also achieves good results for leaf occlusion and overlapping target fruit recognition and localization. The new method does not need to train the model in advance, and no manual labeling is needed in the segmentation process to achieve adaptive recognition and localization of the target fruit. And largely alleviates the contradiction between recognition effect and operational efficiency.
In the future works, we will further optimize the method to find the center of target fruits, in order to obtain center more quickly. At the same time, we try to combine more suitable segmentation algorithm, in order to improve the recognition efficiency and accuracy significantly. 
